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+ Ternary fission:
three particles are formed

discovered in 1946




VWhy do we measure ternary particles’

~ Applied research

Important source of helium and tritium gas production
in nuclear reactors and used fuel elements

Accurate data requested by nuclear industry and safety specialists

P
Fundamental research

Improving our understanding of the ternary particle emission

Ternary particles are emitted in space and time close to the scission point
information on the fission process itself

Aim of this work:

Enlarge the available databases ields and energy distributions




Emission probabillities or yields

most common: ternary alpha particles

Long Range Alpha (LRA) particles (< radioactive alpha decay)

tritons (t) and ®He particles

Energy distributions

Gaussian in shape (central limit theorem)

Average energy and Full Width at Half Maximum (FWHM)




Comparing for the same compound nucleus:

Spontaneous fission (SF)
E...=0MeV

Neutron induced fission (ny,f)
E... = neutron binding energy = 6-7 MeV

+ 23Cm(n,,f) & 24Cm(SF)

- 285Cm(n, f) & 245Cm(SF) |
+ 247Cm(nth,f) & 24gcm(SF) m and Cf |SOt0pe
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Spontaneous fission
Institute for Reference Materials and Measurements (IRMM)
Geel (Belgium)

Neutron induced fission
Institut Laue-Langevin (ILL)
Grenoble (France)

- 76 m length
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‘Samples

The amount of this exotic material is limited,
and it is difficult to get these samples

-

243Cm & 244Cm

Prepared at the Russian Federal Nuclear Center (RFNC)
Spot curium oxide (& = 15 mm) deposited on Al-foil

Activity 243Cm = 3.7 MBq
244Cm = 53.7 MBq

T1124(**Cm) = 29.10 y => Production of 2°Pu formed by alpha decay
' |
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© 2510f & 252Cf

+ Prepared at the Institut fur Kernchemie in Mainz
+ Spot californium oxide (& = 4 mm) deposited on Ti-foil

+ Activity 25'Cf = 10.8 MBg
252Cf = 70 kBq

C 2490f & 250Cf
- Prepared at the Lawrence Berkeley National Laboratory (LBNL)

- Spot californium oxide (@ = 6 mm) deposited on Ti-foil
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simple / not selective e.g. single surface barrier detector
- Need for particle identification

AE-E telescope detectors
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Combination of two silicon surface barrier detectors

I

Collimation (12mm)

Vacuum chamber

Neutron be%

/ [ ]

E detector

AE detector
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Two different configurations

+ Vacuumchamber with
a combination of two
silicon surface e
barrier detectors

E detector

AE detector




H {shilp hqwdoF rgghirgv

| Gasfilled (methane)

Anode

“— Grid

«—— Cathode

Surface barrier detector
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Dgdo| viv) Ulvxaw

different particles in the same material

T/a = (E + AE)173 — E173

(T = thickness of AE detector, a particle and material specific constant)
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Dgdo| vlv) Ulvxaw

different particles in the same material
T/a=(E + AE)!'73 — E173

(T = thickness of AE detector, a particle and material specific constant)
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LRA-particles: Gaussian fit from 12.5 MeV

(

E =16.14 +£ 0.06 MeV
FWHM =10.32 £ 0.11 MeV

A

\.

LRA/B = (2.43 + 0.08)x103
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) E=8.15+0.31 MeV
FWHM = 8.13 £ 0.47 MeV

1204
100-

80

Counts

] \
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t/LRA = (8.43 + 1.10)%
t/B = (1.77 + 0.39)x10



-

E=11.28 £ 0.53 MeV
FWHM =9.79 £ 0.71 MeV

Counts

\.

6He/LRA = (1.65 + 0.32)%
6He/B = (4.04 + 0.81)x10°
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Part I: Determination of LRA/B with ionisation cham

LRA/B = (3.16 + 0.09)x103

Part Il: Determination of ternary particles with vacuum chamber

E =15.99 + 0.08 MeV

LRA-particles:
FWHM = 9.99 + 0.29 MeV

E =8.05+0.29 MeV
FWHM = 7.89 + 0.48 MeV

t/LRA = (6.75 + 1.43)%: /B = (1.91 + 0.41)x10

Tritons t;
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1000 1500 1000 1500
Channel Channel
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/

E=16.09 £ 0.18 MeV
FWHM = 10.64 = 0.27 MeV

\

LRA/B = (2.77 £ 0.11)x103
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250

2004
/

{ E =8.52 +0.26 MeV
FWHM = 8.47 + 0.56 MeV

150+

Counts

100+ \

t/LRA = (7.9 £ 1.2)%
t/B = (2.20 % 0.35)x10*



Dgdo| vlv) Ulvxaw S84F {2583F ]

E=15.89+0.12 MeV
FWHM = 10.57 £ 0.18 MeV

LRA/B = (2.40 + 0.14)x103

LRA-particles:

Tritons t: E=850+0.10 MeV
FWHM =8.37 + 0.16 MeV

~ tLRA = (9.00 £ 0.93)%: t/B = (2.17 + 0.29)x10

Measurement on 2°0Cf
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t and a emission studied under the
same experimental conditions
(C. Wagemans et al.)

/ Neutron induced fission

229ThH. 233,235 237Np 239,241py
241,243 A\ m . 243,245,247Cm. 249.251Cf

Spontaneous fission

238,240,242,244P | 244,246,248Cm
J )
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= remains practically constant for all fissioning systems
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‘Conclusions

Experimental results on the ternary particle characteristics
for 243.244Cm and 24°-2%1Cf are presented

The energy distribution characteristics (<E> & FWHM) can be
well described in a systematic way

Comparing the influence of the excitation energy on the emission
probabilities for (SF) and (n,,f) a strong difference
between t and LRA is observed

Outlook

Further measurements on ®He particles should be done




